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HI ANSWER 1 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI Nuclear thyroid receptor ligand modeling based on three-dimensional 

structures of their ligand-binding domains 
IN Scanlan, Thomas S.; Baxter, John D.; '"Fletterick, Robert J.*** 

Wagner, Richard L. ; Kushner, Peter J.; Apriletti, James W.; West, Brian 

L.; Shiau, Andrew K. 
SO PCT Int. Appl., 447 pp. 

CO DEN : PIXXD2 

IN Scanlan, Thomas s.; Baxter, John D.; *"Fletterick, Robert J.*** 

Wagner, Richard L.; Kushner. Peter J.; Apriletti, James w.; West, Brian 

L. ; Shiau, Andrew K. 
IT Thyroid "•hormone* "'receptors*** 

RL: BPR (Biological process); PRP (Properties); BZOL (Biological study); 

PROC (Process) 

(.alpha.; nuclear "'thyroid'" receptor ligand modeling based on 
three-dimensional structures of their ligand-binding domains) 
IT Thyroid * "hormone*** *** receptors* •* 



RL: BPR (Biological^Wcesa) ; PRP (Properties); BIOL (Biological study); 
PROC (Proceaa) 

(.beta. i nuclear * • * thyroid* * * receptor ligand modeling based on 
three-dimensional structures of their ligand-binding domains) 
IT M-24-1D, complex with ligand-binding domain of thyroid * "hormone*" 
•"receptors*** .alpha, and .beta. 6893-02-3D, 3,5,3'- 
Txiiodothyconine, complex with ligand-binding domain of thyroid 

"♦hormone*** ***receptora*" .alpha, and .beta. 13724-85-1D, 
complex with ligand-binding domain of thyroid "*hormone*** 

*** receptors*** .alpha, and .beta. 26384-44-1D, 3, 5-Dimethyl-3 ' - 
isopropylthyronine, complex with ligand-binding domain of thyroid 

•"hormone*** ""receptors* " .alpha, and .beta. 211110-63-3D, 

complex with ligand-binding domain of thyroid ** 'hormone* * * 

*** receptors*** .alpha, and .beta. 226082-39-9D, ligand complexes 
226082-42-4D, ligand complexes 226082-43-5D, ligand complexes 
RL: BPR (Biological process); BUU (Biological use, unclassified); PRP 
(Properties); BIOL (Biological study); PROC (Process); USES (Uses) 
{nuclear '"thyroid"* receptor ligand modeling based on 
three-dimensional structures of their ligand-binding domains) 

Lll ANSWER 2 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI Molecular and atructural biology of thyroid hormone receptors 

AU Apriletti, James W.; Ribeiro, Ralff C. J.; Wagner, Richard L.; Feng, 

Weijun; Webb, Paul; Kushner, Peter J.; West, Brian L.; Nilsson, Stefan; 

Scanlan, Thomas S.; '"Fletterick, Robert J.*** ; Baxter, John D. 
SO Clin. Exp. Pharmacol. Physiol. (1998), 25(Suppl., Future Perspectives in 

Molecular Endocrinology), S2-S11 

CODEN: CEXPB9; ISSN: 0305-1870 
AU . . C. J.; Wagner, Richard L. ; Feng. Weijun; Webb, Paul; Kushner, 

Peter J.; west, Brian L.; Nilsson, Stefan; scanlan, Thomas S.; 
** 'Fletterick, Robert J. * * * ; Baxter, John D. 
IT Thyroid ***hormone"* * * *receptors* " 

RL: BPR (Biological process); PRP (Properties); BIOL (Biological study) ; 

PROC (Process) 

( "*thyroid*" hormone receptor mol. and structural biol.) 
Lll ANSWER 3 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI Structure and specificity of nuclear receptor-coactivator interactions 
AU Darimont, Beatrice D.; Wagner, Richard L. ; Apriletti, James W.; Stallcup, 
Michael R. ; Kushner, Peter J.; Baxter, John D.; " *Fletterick, Robert*** 
... J.*** ; Yamamoto, Keith R. 

SO Genes Dev. (1998), 12(21), 3343-3356 

CODEN: GEDEEP; ISSN: 0890-9369 
AU Darimont,, Beatrice D.; Wagner, Richard L. ; Apriletti, James W.; Stallcup, 
Michael R.; Kushner, Peter J.; Baxter, John D. ; "-Fletterick, Robert*" 
•** J.*** ; Yamamoto, Keith R. 

IT Thyroid "*hormone*" * "receptor"* .beta. 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 
(structure and specificity of * "thyroid*" hormone 
receptor-coactivator GRIP1 interactions) 

Lll ANSWER 4 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI A novel TR.beta. mutation (R383H) in resistance to thyroid hormone 
syndrome predominantly impairs corepressor release and negative 
transcriptional regulation 

AU Clifton-Bligh, R. J.; De Zegher, F . ; Wagner, R. L.; Collingwood, T. N . ; 
Francois, I.; Van Helvoirt, M. ; * * *Fletterick, R. J."* ; Chatter jee, 



SO 



V. K. K. 

Mol. Endocrinol. (1998), 12(5), 609-621 
CODEN: MOENEN; ISSN: 08B8-8B09 



AU Clifton-Bligh, R. J.; De Zegher, F. ; Wagner, R. L. ; Collingwood, T. N. ; 

Francois, I.; Van Helvoirt, M-; '"Fletterick, R. J.*** ; Chatterjee, 

V. K. K. 
IT Missense mutation 

(R383H; thyroid "'hormone*** ""receptor* ** .beta, mutation 

(R383H) in human resistance to "'thyroid*** hormone syndrome 
predominantly impairs corepressor release and neg. transcriptional 
regulation) 
IT Promoter (genetic element) 

RL: ADV (Adverse effect, including toxicity); BPR (Biological process): 

BIOL (Biological study); PROC (Process) 

(TSH. alpha, and TRH; thyroid '"hormone*** ***receptor"* 
.beta, mutation (R383H) in human resistance to '"thyroid*** 
hormone syndrome predominantly impairs corepressor release and neg. 
transcriptional regulation) 
IT Thyroid * * * hormones* * * 

RL: ADV (Adverse effect, including toxicity); BAC (Biological activity or 

effector, except adverse); BIOL (Biological study) 

(metabolic disorders, resistance syndrome; thyroid ***horraone*" 
•"receptor*" .beta, mutation (R383H) in human resistance to 
""thyroid*" hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 
IT Transcriptional activation 

Transcriptional repression 

(thyroid "'hormone* * * * "receptor" * .beta, mutation (R383H) 

in human resistance to "'thyroid*** hormone syndrome predominantly 
impairs corepressor release and neg. transcriptional regulation) 
IT Thyroid '"hormone*** "'receptor*** .beta. 

RL: ADV (Adverse effect, including toxicity); BOC (Biological occurrence); 

BPR (Biological process); PRP (Properties); BIOL (Biological study); OCCU 

(Occurrence); PROC (Process) 

( "'thyroid*'* '"hormone"* *** receptor*" .beta, mutation 

(R383H) in human resistance to '"thyroid"' hormone syndrome 
predominantly impairs corepressor release and neg. transcriptional 
regulation) 
IT Retinoid X receptors 

RL: BPR (Biological proceaa); BIOL (Biological study); PROC (Process) 
(thyroid * * *hormone* * * "'receptor**' .beta, mutation (R383H) 

in human resistance to "'thyroid*** hormone syndrome predominantly 
impairs corepressor release and neg. transcriptional regulation) 
IT Endocrine diseases 

RL: ADV (Adverse effect, including toxicity); BAC (Biological activity or 

effector, except adverse); BIOL (Biological study) 

(thyroid *• "hormone* * * resistance syndrome; thyroid ** 'hormone* * * 
"•receptor"* .beta, mutation (R383H) in human resistance to 
•"thyroid*" hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 
IT 24305-27-9, Thyrotropin-relcasing "'hormone**' 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 

(gene promoter; thyroid * * *horroone*" *** receptor*** .beta, 

mutation (R363H) in human resistance to * "thyroid* * * hormone 
syndrome predominantly impairs corepressor release and neg. 
transcriptional regulation) 
IT 6893-02-3, Triiodothyronine 

RL: ADV (Adverse effect, including toxicity); BAC (Biological activity or 

effector, except adverse); BIOL (Biological study) 

(thyroid ***hormone"* •* 'receptor* * * .beta, mutation (R383H) 

in human resistance to •* -thyroid** * hormone syndrome predominantly 
impairs corepressor release and neg. transcriptional regulation) 
IT 9002-71-5, Thyrotropin 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 



{. alpha. -subunit gene promoter; thyroid •"hormone*" 
•"receptor"* .beta, mutation (R383H) in human resistance to 
'"thyroid*" hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 

Lll ANSWER 5 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI Mechanisms of thyroid hormone action: insights from X-ray crystallographic 

and functional studies 
AU Ribeiro, Ralff C. J.; Apriletti, James W.; Wagner, Richard L. ; West, Brian 

L. ; Feng, Weijun; Huber, Russ; Kushner, Peter J.; Nilsson, Steffan; 

Scanlan, Thomas; *"Fletterick, Robert J.*" ; Schaufele, Fred; Baxter, 

John D. 

SO Recent Prog. Horm. Res. (1998), Volume Date 1997, 53, 351-394 

CODEN: RPHRA6; ISSN: 007 9-9963 
AU Apriletti, James W.; Wagner, Richard L.; West, Brian L.; Feng, 

Weijun; Huber, Russ; Kushner, Peter J.; Nilsson, Steffan; Scanlan, Thomas; 
'"Fletterick, Robert J.*** ; Schaufele, Fred; Baxter, John D. 
IT Thyroid '"hormone"* "'receptors*** 

RL: BPR (Biological process); PRP (Properties); BIOL (Biological study); 

PROC (Process) 

( ***thyroid*** hormone mechanism insights from X-ray crystallog. 
and functional studies) 



Lll ANSWER 6 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI X-ray crystallographic and functional studies of thyroid hormone receptor 
AU Ribeiro, Ralff C. J.; Apriletti, James W. ; Wagner, Richard L . ; Feng, 
Weijun; Kushner, Peter J.; Nilsson, Stefan; Scanlan, Thomas S.; West, 
Brian L.; '"Fletterick, Robert J.*" ; Baxter, John D. 
SO J. Steroid Biochem. Mol. Biol. (1998), 65(1-6), 133-141 

CODEN: JSBBEZ; ISSN: 0960-0760 
AU ... J.; Apriletti, James W.; Wagner, Richard L.; Feng, Weijun; 

Kushner, Peter J.; Nilsson, Stefan; Scanlan, Thomas S.; West, Brian L . ; 
"•Fletterick, Robert J.*** ; Baxter, John D. 
IT Thyroid *"hormone"* '"receptors*** 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 

(X-ray crystallog. and functional studies of '"thyroid*** hormone 
receptor) 

Lll ANSWER 7 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI A natural transactivation mutation in the thyroid hormone .beta, receptor: 

impaired interaction with putative transcriptional mediators 
AU Collingwood, T. N. ; Rajanayagam, O.; Adams, M. ; Wagner, R . ; Cavailles, V.; 

Kalkhoven, B. ; Matthews, C; Nystrom, E.; Stenlof, K.; Linda tedt, G.; 

Tisell, L.; '"Fletterick, R. J.*** ,* Parker, M. G. ; Chatterjee, V. K. 

K. 

SO Proc. Natl. Acad. Sci . U. S. A. (1997), 94(1), 248-253 

CODEN: PNASA6; ISSN: 0027-8424 
AU Rajanayagam, O.; Adams, M . ; Wagner, R . ; Cavailles, v.; Kalkhoven, 

E. ; Matthews, C; Nystrom, E . ; Stenlof, K.; Lindstedt, G.; Tisell, L.; 
"•Fletterick, R. J.*** ; Parker, M . G.; Chatterjee, v. K. K. 
IT Thyroid ** 'hormone*** * •* receptor*** .beta. 

RL: BPR (Biological process); MFM (Metabolic formation); PRP (Properties); 
BIOL (Biological study); FORM (Formation, nonpreparative ) ; PROC (Process) 
(natural transactivation mutation in '"thyroid*** hormone .beta, 
receptor with impaired interaction with putative transcriptional 
mediators) 

Lll ANSWER 8 OF 9 MEDLINE DUPLICATE 1 

TI A atructural role for hormone in the thyroid hormone receptor. 
AU Wagner R L; Apriletti J W; McGrath M E; West B L; Baxter J D; 



•••Fletterick R J"* 
SO NATURE, (1995 Dec 14) 316 (655S) 690-7. 

Journal code: NSC. ISSN: 0028-0936. 
AU Wagner R L; Apriletti J W; McGrath M E; West B L; Baxter J D; 

•••Fletterick R J" * * 
AB The crystal structure of the r«t alpha 1 thyroid ** •hormone* • * 

•"receptor*** ligand-binding domain bound with a •••thyroid'** 
hormone agonist reveals that ligand is completely buried within the domain 
as part of the hydrophobic core. In addition, the. 

Lll ANSWER 9 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI The molecular biology o( thyroid hormone action 

AU Ribeiro, Ralff C. J.; Apriletti, James W. ; Vest, Brian L. ; Wagner, Richard 

L. ,* * "Fletterick, Robert J.*** ; Schaufele, Fred; Baxter, John D. 
SO Ann. N . Y. Acad. Sci. (1995), 758 (DNA: The Double Helix), 366-89 

CODEN: ANYAA9; ISSN: 0077-8923 
AU Ribeiro, Ralff c. J.; Apriletti, James W.; West, Brian L. ; Wagner, Richard 

L. ; •••Fletterick, Robert J.*** ; Schaufele, Fred; Baxter, John D. 
AB A review, with 99 rets., of thyroid hormone action which discusses: 

historical and general aspects of thyroid * ' *hormone** * receptors; the 

nuclear •••hormone*** *** receptor* * • superf amily; nuclear 
•••hormone*** • **receptor** * function; characteristics of 

•••thyroid*" hormone receptors; properties of TRs purified from natural 

sources; target gene recognition by TRs; heterodimerization of TRs with 

nuclear hormone. 
IT Thyroid ***hormone* ** *** receptors* *• 

RL: BPR (Biological process); BIOL {Biological study); PROC (Process) 
( ***thyroid*** hormone action mol. biol.) 



Lll ANSWER 1 OF 9 CAPLUS COPYRIGHT 2000 ACS 
AN 1999:355792 CAPLUS 
DN 131:14490 

TI Nuclear thyroid receptor ligand modeling based on three-dimensional 

structures of their ligand-binding domains 
IN Scanlan, Thomas S.; Baxter, John D.; *** Fletterick, Robert J.*** 

Wagner, Richard L.; Kushner, Peter J.; Apriletti, James W.; West, Brian 

L. ; Shiau, Andrew K. 
PA The Regents of the University of California, USA 
SO PCT Int. Appl., 447 pp. 

CODEN : PIXXD2 
DT Patent 
LA English 
FAN ■ CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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the motif modulate the affinity of the interaction; the motif and the 
adjacent sequences are employed to different extents in binding to 
different receptors. Such interactions of amphipathic . alpha . -helixes 
with hydrophobic grooves define protein interfaces in other regulatory 
complexes as well. We suggest that these common structural elements 
impart flexibility to combinatorial regulation, whereas side chains at the 
interface impart specificity. 

Lll ANSWER 4 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI A novel TR.beta. mutation (P383H) in resistance to thyroid hormone 

syndrome predominantly impairs corepressor release and negative 

transcriptional regulation 
AU Clifton-Bligh, R. J.; De Zegher, F.; Wagner, R. L-; Collingwood, T. N.; 

Francois, I.; Van Helvoirt, M. ; *** Fletterick, R. J.*** ; Chatterjee, 

V. K. K. 

SO Mol. Endocrinol. (1998), 12(5), 609-621 
CODEN: MOENEN; ISSN: 0BB8-8809 

AB Resistance to thyroid hormone (RTH) is characterized by elevated serum 
thyroid hormones, failure to suppress pituitary TSH secretion, and 
variable T3 responsiveness in peripheral tissues. The disorder is assocd. 
with diverse mutations that cluster within three areas of the thyroid 
hormone .beta. (TR.beta.) receptor. Here, the authors report a novel RTH 
mutation (R383H) , which is located in a region not known to harbor 
naturally occurring mutations. Although the R38 3H mutant receptor 
activated pos. regulated genes to an extent comparable to wild-type (WT), 
neg. transcriptional regulation of human TSH. alpha, and TRH promoters was 
impaired in either TR.beta. 1 or TR.beta. 2 contexts, and WT receptor 
function was dominantly inhibited. T3-dependent changes in basal 
transcription with R383H were also impaired: on the TRH promoter, basal 
activation by unliganded R3S3H was not reversed by T3 to the same extent 
as WT; similarly transcriptional silencing by an unliganded Gal4-R3B3H 
fusion was not relieved at a T3 concn. that derepressed WT. In keeping 
with this, ligand-dependent corepressor release by R383H, either in a 
protein-protein interaction assay or as a DNA-bound heterodimer with 
retinoid X receptor on either pos. or neg. thyroid hormone response 
elements, was disproportionately impaired relative to its ligand-binding 
affinity, whereas its T3-dependent recruitment of coactivator was 
unimpaired. These properties were shared by another previously described 
RTH mutant (R429Q), and in the crystal structure of TR. alpha, the 
homologous residues interact in a polar invagination. The authors' data 
indicate a role for these residues in mediating neg. transcriptional 
regulation and facilitating corepressor release and suggest that 
predominant impairment of these functions may be the minimal requirements 
for causation of RTH. 
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TI Mechanisms of thyroid hormone action: insights from X-ray crystallographic 

and functional studies 
AU Ribeiro, Ralff C. J.; Apriletti, James W.; Wagner, Richard L.; West, Brian 

L. ; Feng, Weijun; Huber, Russ; Kushner, Peter J.; Nilsson, Steffanr 

Scanlan, Thomas; •* 'Fletterick, Robert J.*** ; Schaufele, Fred; Baxter, 

John D. 

SO Recent Prog. Horm. Res. (1998), Volume Date 1997, 53, 351-394 
CODEN: RPHRA6; ISSN: 0075-9563 

AB A review, with .apprx.200 refs., on the mechanisms of thyroid hormone 

action over the past two decades. We have attempted to place our studies 
on thyroid hormone receptors (TRs) in perspective with the work conducted 
by other investigators that established their nuclear localization, 
DNA-binding properties, DNA response elements, and the role of other 
proteins involved in TR-roediated regulation of gene transcription. 
Recently, our crystallog. studies of the TR ligand binding domain (LBD) 
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Lll ANSWER 2 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI Molecular and structural biology of thyroid hormone receptors 

AU Apriletti, James W.; Ribeiro, Ralff C. J.; Wagner, Richard L.; Teng, 

Weijun; Webb, Paul; Kushner, Peter J.; West, Brian L.; Nilsson, Stefan; 
Scanlan, Thomas S.; ••* Fletterick, Robert J.*** ; Baxter, John D. 

SO Clin. Exp. Pharmacol. Physiol. (1998), 25(Suppl., Future Perspectives in 
Molecular Endocrinology), S2-S11 
CODEN: CEXPB9; ISSN: 0305- 1B70 

AB A review, with 45 refs. Thyroid hormone receptors (TR) are expressed from 
two sep. genes {.alpha, and .beta.} and belong to the nuclear receptor 
superfamily, which also contains receptors for steroids, vitamins and 
prostaglandins. Unliganded TR are bound to DNA thyroid hormone response 
elements (TRE) predominantly as homodiraers, or as heterodimers with 
retinoid X- receptors (RXR) , and are assocd. with a complex of proteins 
contg. corepressor proteins. Ligand binding promotes corepressor dissocn. 
and binding of a coactivator. Recent studies from our group have focused 
on the acquisition and use of X-ray crystallog. structures of 
ligand-binding domains (LBD) of both the rat (r) TR. alpha, and the human 
(h) TR.beta. bound to several different Uganda. We have also developed 
ligands that bind selectively to the TR.beta., which may provide ways to 
explore the differential functions of TR. alpha, compared with TR.beta. 
i so forms. The LBD is comprised mostly of . alpha. -helixes . The ligand is 
completely buried in the receptor and forms part of its hydrophobic core. 
Kinetic studies suggest that the limiting step in formation of 
high-affinity ligand-receptor complexes is the rate of folding of the 
receptor around the ligand. Ligands can be fitted tightly in the 
ligand-binding pocket and small differences in this fitting may explain 
many structure-activity relationships. Interestingly, anal, of the 
structures of antagonists suggests that they have chera. groups, 
"extensions", that could impair receptor folding around them and, thus, 
prevent the agonist-induced conformation changes in the receptor. The TR 
structures allowed us to see that the mutations that occur in the syndrome 
of generalized resistance to thyroid hormone are located in the vicinity 
of the ligand-binding pocket. X-ray structure of the TR has also been 
used to guide construction of mutations in the TR surface that block 
binding of various proteins important for receptor function. Studies with 
these TR mutants reveal that the interfaces for homo- and 
heterodimerization map to similar residues in helix 10 and 11 and also 
allow the definition of the surface for binding of coactivators, which 
appears to be general for nuclear receptors. Formation of this surface, 
which involves packing of helix 12 of the TR into a scaffold formed by 
helixes 3 and 5, appears to be the major change in the receptor structure 
induced by hormone occupancy. 
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TI Structure and specificity of nuclear receptor-coactivator interactions 
AU Darimont, Beatrice D.; Wagner, Richard L. ; Apriletti, James W.; Stallcup, 

Michael R-; Kushner, Peter J.; Baxter, John D. ; • "Fletterick, Robert*** 
*•* J.*** ; Yamamoto, Keith R. 
SO Genes Dev. (1998), 12(21), 3343-3356 

CODEN : GEDEEP; ISSN: 0890-9369 
AB Combinatorial regulation of transcription implies flexible yet precise 

assembly of multiprotein regulatory complexes in response to signals. 

Siochem. and crystallog. anal, revealed that hormone binding leads to the 

formation of a hydrophobic groove within the ligand-binding domain (LBD) 

of the thyroid hormone receptor that interacts with an LxxLL motif-contg. 

.alpha. -helix from GRIP1, a coactivator. Residues immediately adjacent to 



revealed that the ligand has a structural role in the folding of the 
receptor's hydrophobic core. The anal, of the structure led to biochem. 
and genetic studies that have defined the surfaces on the TR LBD required 
for dimerization and binding of coactivator proteins. Placement of the 
mutations found in patients with the syndrome of generalized resistance to 
thyroid hormone on the TR LBD revealed that they were restricted to amino 
acids in the vicinity of the binding pocket for thyroid hormone. The 
insights gained from the elucidation of the TR LBD structure will provide 
the basis for the design of compds. with selective agonistic or 
antagonistic activities. 
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TI X-ray crystallographic and functional studies of thyroid hormone receptor 

AU Ribeiro, Ralff C. J.; Apriletti, James W.; Wagner, Richard L. ; Feng, 
Weijun; Kushner, Peter J.; Nilsson, Stefan; Scanlan, Thomas S.; West, 
Brian L. ; * ** Fletterick, Robert J. * * * ; Baxter, John D. 

SO J. Steroid Biochem. Mol. Biol. (1998), 65(1-6), 133-141 
CODEN: JSBBEZ; ISSN: 0960-0760 

AB A review with 28 refs. We have solved several x-ray crystallog. 

structures of TR ligand-binding domains (LBDs), including the rat (r) 
TR. alpha, and the human (h) TR.beta. bound to diverse ligands. The TR-LBD 
folding, comprised mostly of . alpha . -helixes, is likely to be general for 
the superfamily. The ligand, buried in the receptor, forms part of its 
hydrophobic core. Tight fitting of ligand into the receptor explains its 
high affinity for the TR, although the structure suggests that ligands 
with even higher affinities might be generated. The kinetics of 
3, 5,3'-tciiodo-L-thyronine (T3) and 3, 5, 3 ' , 5 ■ -tetraiodo-L-thyronine <T4) 
binding suggest that folding around the ligand, rather than receptor 
opening, is rate-limiting for high affinity binding. TR.beta. mutations 
in patients with resistance to T3 cluster around the ligand; these 
different locations could differentially affect other receptor functions 
and explain the syndrome's clin. diversity. Guided by the structure, 
mutations have been placed on the TR surface to define interactions with 
other proteins. They suggest that a similar surface in the LBD is 
utilized for homo-or heterodimerization on direct repeats and inverted 
palindromes but not on palindromes. Coactivator proteins that mediate TR 
transcriptional activation bind to a small surface comprised of residues 
on four helixes with a well-defined hydrophobic cleft, which may be a 
target for pharmaceuticals. The coactivator-binding surface appears to 
form upon ligand-binding by the folding of helix 12 into the scaffold 
formed by helixes 3, 4 and 5. The anal, of most currently used 
antagonists suggest that although they probably fit into the 
ligand-binding pocket, they possess a group that may alter proper folding 
of the receptor, with disruption of the coactivator-binding surface (the 
"extension model"). 

Lll ANSWER 7 OF 9 CAPLUS COPYRIGHT 2000 ACS 

TI A natural transactivation mutation in the thyroid hormone .beta, receptor: 

impaired interaction with putative transcriptional mediators 
AU Collingwood, T. N. ; Ra janayagara, o. ; Adams, M. ; Wagner, R. ; Cavailles, V. ; 

Kalkhoven, E.; Matthews, C; Nystrom, E.; stenlof, K.; Lindstedt, G.; 

Tisell, L. ; * "Fletterick, R. J.*" ; Parker, M. G. ; Chatterjee, V. K. 

K . 

SO Proc. Natl. Acad. Sci. U. S. A. (1997), 94(1), 248-253 
CODEN: PNASA6; ISSN: 0027-8424 

AB The syndrome of resistance to thyroid hormone is characterized by elevated 
serum free thyroid hormones, failure to suppress pituitary TSH secretion, 
and variable peripheral refractoriness to hormone action. Here we 
describe a novel leucine to valine mutation in codon 454 (L454V) of the 
thyroid hormone .beta, receptor (TR.beta.) in this disorder, resulting in 
a mutant receptor with unusual functional properties. Although the mutant 



protein binds ligand comparably to wild-type lect^ftt and forma homo- and 
heterodimers on direct repeat, everted repeat, or palindromic thyroid 
response elements, its ability to activate transcription via these 
elements is markedly impaired. The hydrophobic leucine residue lies 
within an amphipathic . alpha . -hel ix at the C- terminus of TR.beta. and the 
position of the homologous residue in the crystal structure of TR. alpha, 
indicates that its side chain is solvent-exposed and might interact with 
other proteins. We find that two putative transcriptional mediators 
(RIP140 and 3RC-1) exhibit hormone-dependent aasocn. with wild-type TR. 
In comparison, the interaction of this natural mutant (L454V) and 
artificial mutants (L4S4A, E457A) with RIP140 and SRC-1 is markedly 
reduced. Furthermore, coexpression of SRC-1 is able to restore the 
transcriptional activity of the L454V mutant receptor, indicating that the 
interaction of this residue with accessory proteins is crit. for 
transcriptional activation. Finally, the occurrence of the L454V mutation 
in resistance to thyroid hormone, together with impaired neg. regulation 
of the TSH .alpha, promoter by this mutant, suggests that the amphipathic 
.alpha. -helix also mediates hormone-dependent transcriptional inhibition, 
perhaps via interaction with these or other accessory factors. 
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Darimont, Beatrice D. ; Wagner, Richard L.; Apriletti, James W,; Stallcup, 
Michael R . ; Kushner, Peter J.; Baxter, John D.; ***Fletterick, Robert**' 
* J.*** ; Yamamoto, Keith R. 

Genes Dev. (1998), 12(21), 3343-3356 
CODEN: GEDEEP; ISSN: 0890-9369 



Combinatorial regulation of transcription implies flexible yet precise 
assembly of multiprotein regulatory complexes in response to signals. 
Biochem. and crystallog. anal, revealed that hormone binding leads to the 
formation of a hydrophobic groove within the ligand-binding domain (LBD) 
of the thyroid hormone receptor that interacts with an LxxLL motif-contg. 
.alpha. -helix from GRIP1, a *** coactivator** * Residues immediately 
adjacent to the motif modulate the affinity of the interaction; the motif 
and the adjacent sequences are employed to different extents in binding to 
different receptors. Such interactions of amphipathic .alpha. -helixes 
with hydrophobic grooves define protein interfaces in other regulatory 
complexes as well. We suggest that these common structural elements 
impart flexibility to combinatorial regulation, whereas side chains at the 
interface impart specificity. 

Structure and specificity of nuclear receptor- "'coactivator*** 
interactions 

Darimont, Beatrice D.; Wagner, Richard L.; Apriletti, James W.; Stallcup, 
Michael R.; Kushner, Peter J.; Baxter, John D.; *** Fletterick, Robert*** 
* J. * * * ; Yamamoto, Keith R. 

within the ligand-binding domain ( LBD) of the thyroid hormone 
receptor that interacts with an LxxLL motif-contg. . alpha . -helix from 
GRIP1, a ** 'coactivator*** Residues immediately adjacent to the 

motif modulate the affinity of the interaction; the motif and the adjacent 
sequences are employed. 
Transcription factors 

RL: BAG (Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 

(GRIP1 (glucocorticoid receptor-interacting protein-1); structure and 
specificity of thyroid hormone receptor- ** 'coactivator* ** GRIP1 
interactions) 
Protein motifs 

(ligand-binding domain and LxxLL motif; structure and specificity of 
thyroid hormone receptor- '"coactivator*** GRIP1 interactions) 
Nuclear receptors 

RL: BAC {Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 

(structure and specificity of nuclear receptor- * "coactivator*" 

interactions) 
Transcriptional regulation 
.alpha. -Helix (protein conformation) 

(structure and specificity of thyroid hormone receptor- 

** 'coactivator* * * GRIP1 interactions) 
Thyroid ** "hormone* ** *** receptor* ** .beta. 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 

(structure and specificity of '"thyroid* * * hormone receptor- 

♦"coactivator" * GRIP1 interactions) 
6893-02-3, Triiodothyronine 

RL: BAC (Biological activity or effector, except adverse); BIOL 
(Biological study) 

(structure and specificity of thyroid hormone receptor* 

•"coactivator* * * GRIP1 interactions) 
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A review, with .apprx.200 refs., on the mechanisms of thyroid hormone 
action over the past two decades. We have attempted to place our studies 
on thyroid hormone receptors (TRs) in perspective with the work conducted 
by other investigators that established their nuclear localization, 
DNA-binding properties, DNA response elements, and the role of other 
proteins involved in TR-mediated regulation of gene transcription. 
Recently, our crystallog. studies of the TR ligand binding domain (LBD) 
revealed that the ligand has a structural role in the folding of the 
receptor's hydrophobic core. The anal, of the structure led to biochem. 
and genetic studies that have defined the surfaces on the TR LBD required 
for dimerization and binding of ** *coactivator*" proteins. Placement 
of the mutations found in patients with the syndrome of generalized 
resistance to thyroid hormone on the TR LBD revealed that they were 
restricted to amino acids in the vicinity of the binding pocket for 
thyroid hormone. The insights gained from the elucidation of the TR LBD 
structure will provide the basis for the design of compds. with selective 
agonistic or antagonistic activities. 

Apriletti, James W.; Wagner, Richard L . ; West, Brian L. ; Feng, 
Weijun; Huber, Russ; Kushner, Peter J.; Nilsson, Steffan; Scanlan, Thomas; 
"'Fletterick, Robert J.*" ; Schaufele, Fred; Baxter, John D. 

to biochem. and genetic studies that have defined the surfaces on 
the TR LBD required for dimerization and binding of "'coactivator*** 
proteins. Placement of the mutations found in patients with the syndrome 
of generalized resistance to thyroid hormone on the TR. 
Thyroid ** 'hormone*** "'receptors'" 

RL: BPR (Biological process); PRP (Properties); BIOL (Biological study) ; 
PROC (Process) 

( '"thyroid*** hormone mechanism insights from X-ray crystallog. 
and functional studies) 
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A review, with 4 5 refs. Thyroid hormone receptors (TR) are expressed from 
two sep. genes (.alpha, and .beta.) and belong to the nuclear receptor 
super family, which also contains receptors for steroids, vitamins and 
prostaglandins. Unliganded TR are bound to DNA thyroid hormone response 
elements (TRE) predominantly as homodimers, or as heterodimers with 
retinoid X-receptors (RXR) , and are assocd. with a complex of proteins 
contg. corepressor proteins. Ligand binding promotes corepressor dissocn. 
and binding of a ** *coactivator" * . Recent studies from our group 
have focused on the acquisition and use of X-ray crystallog. structures of 
ligand-binding domains (LBD) of both the rat (r) TR. alpha, and the human 
(h) TR.beta. bound to several different ligands. We have also developed 
ligands that bind selectively to the TR.beta., which may provide ways to 
explore the differential functions of TR. alpha, compared with TR.beta. 
isoforms. The LBD is comprised mostly of . alpha . -helixes . The ligand is 
completely buried in the receptor and forma part of its hydrophobic core. 
Kinetic studies suggest that the limiting step in formation of 
high-affinity ligand- receptor complexes is the rate of folding of the 
receptor around the ligand. Ligands can be fitted tightly in the 
ligand-binding pocket and small differences in this fitting may explain 
many structure-activity relationships. Interestingly, anal, of the 
structures of antagonists suggests that they have chero. groups, 
"extensions", that could impair receptor folding around them and, thus, 
prevent the agonist-induced conformation changes in the receptor. The TR 



structures allowed ua to see that the mutations nl^occur in the syndrome 
of generalized resistance to thyroid hormone ore located in the vicinity 
of the ligand-binding pocket. X-ray structure of the TB has also been 
used to guide construction of mutations in the TP. surface that block 
binding of various proteins important for receptor function, studies with 
these TR mutants reveal that the interfaces for homo- and 
heterodimerization map to similar residues in helix 10 and 11 and Also 
allow the definition of the surface for binding of ***coactivators* * * , 
which appears to be general for nuclear receptors. Formation of this 
surface, which involves packing of helix 12 of the TR into a scaffold 
formed by helixes 3 and 5, appears to be the major change in the receptor 
structure induced by hormone occupancy. 

AU C. J.; Wagner, Richard L. ; Feng, Weijun; Webb, Paul; Kushner, 

Peter J.; West, Brian L. ; Nilsson, Stefan; Scanlan, Thomas 3.; 
"*Fletterick, Robert J.*** ; Baxter, John D. 

AB ... and are assocd. with a complex of proteins contg. corepressor 
proteins. Ligand binding promotes corepressor dissocn. and binding of a 

'"coactivator*" Recent studies from our group have focused on the 
acquisition and use of X-ray crystallog. structures of ligand-binding 
domains (LBD). . map to similar residues in helix 10 and 11 and also 

allow the definition of the surface for binding of ** *coactivatora* * * , 
which appears to be general for nuclear receptors. Formation of this 
surface, which involves packing of helix 12 of the. 

IT Thyroid ***hormone•*• '"receptors*** 

RL: BPR (Biological process) ; PRP (Properties) ; BIOL (Biological study) ; 
PRDC (Process) 

( * * *thyroid* •* hormone receptor mol . and structural biol.) 
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TI X-ray crystallographic and functional studies of thyroid hormone receptor 

AU Ribeiro, Ralff C, J.; Apriletti, James W.,- Wagner, Richard L. ; Feng, 
Weijun; Kushner, Peter J.; Nilsson, Stefan; Scanlan, Thomas S.; West, 
Brian L.; ***Fletterick, Robert J.*** ; Baxter, John D. 

SO J. Steroid Biochem. Mol. Biol. {199B), 65(1-6), 133-141 
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AB A review with 28 refs. We have solved several x-ray crystallog. 

structures of TR ligand-binding domains (LBDs), including the rat (r) 
TR. alpha, and the human (h) TR.beta. bound to diverse ligands. The TR-LBD 
folding, comprised mostly of . alpha. -helixes, is likely to be general for 
the superfamily. The ligand, buried in the receptor, forms part of its 
hydrophobic core. Tight fitting of ligand into the receptor explains its 
high affinity for the TR, although the structure suggests that ligands 
with even higher affinities might be generated. The kinetics of 
3, 5, 3 ' -triiodo-L-thyronine (T3) and 3, 5, 3 * , 5 1 - tetraiodo-L-thyronine (T4) 
binding suggest that folding around the ligand, rather than receptor 
opening, is rate-limiting for high affinity binding. TR.beta. mutations 
in patients with resistance to T3 cluster around the ligand; these 
different locations could differentially affect other receptor functions 
and explain the syndrome's clin. diversity. Guided by the structure, 
mutations have been placed on the TR surface to define interactions with 
other proteins. They suggest that a similar surface in the LBD is 
utilized for homo-or heterodimerization on direct repeats and inverted 
palindromes but not on palindromes. '"Coactivator*" proteins that 
mediate TR transcriptional activation bind to a small surface comprised of 
residues on four helixes with a well-defined hydrophobic cleft, which may 
be a target for pharmaceuticals. The ***coactivator*** -binding 
surface appears to form upon ligand-binding by the folding of helix 12 
into the scaffold formed by helixes 3, 4 and 5. The anal, of most 
currently used antagonists suggest that although they probably fit into 
the ligand-binding pocket, they possess a group that may alter proper 
folding of the receptor, with disruption of the * **coactivator* * * 



-binding surface (trro^"ex tension model"). 
AU . . J. ; Apriletti, James W.; Wagner, Richard L. ; Feng, Weijun; 

Kushner, Peter J.; Nilsson, Stefan; Scanlan, Thomas S.; West, Brian L.; 
•"Fletterick, Robert J.*** ; Baxter, John D. 
AB similar surface in the LBD is utilized for homo-or 

heterodimerization on direct repeats and inverted palindromes but not on 
palindromes. ***Coactivator*** proteins that mediate TR 
transcriptional activation bind to a small surface comprised of residues 
on four helixes with a well-defined hydrophobic cleft, which may be a 
target for pharmaceuticals. The * • 'coactivator* ** -binding surface 
appears to form upon ligand-binding by the folding of helix 12 into the 
scaffold formed by helixes 3, 4. . into the ligand-binding pocket, 

they possess a group that may alter proper folding of the receptor, with 
disruption of the ***coactivator* * • -binding surface (the "extension 
model") . 

IT Thyroid ***hormone*** * **receptors* * • 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); PRP (Properties); BIOL (Biological study); PROC (Process) 

(X-ray crystallog. and functional studies of '"thyroid"* hormone 
receptor) 
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TI A novel TR.beta. mutation {R383H} in resistance to thyroid hormone 

syndrome predominantly impairs corepressor release and negative 

transcriptional regulation 
AU Clifton-Bligh, R. J.; De Zegher, F.; Wagner, R. L.; Collingwood, T. N.; 

Francois, I.; Van Helvoirt, M. ; '"Fletterick, R. J,*** ; Chatter jee, 

V. K. K. 

SO Mol. Endocrinol. (1998), 12(5), 609-621 
CODEN: MOENEN; ISSN: 0388-8809 

AB Resistance to thyroid hormone (RTH) is characterized by elevated serum 
thyroid hormones, failure to suppress pituitary TSH secretion, and 
variable T3 responsiveness in peripheral tissues. The disorder is assocd. 
with diverse mutations that cluster within three areas of the thyroid 
hormone .beta. (TR.beta.) receptor. Here, the authors report a novel RTH 
mutation (R383H), which is located in a region not known to harbor 
naturally occurring mutations. Although the R383H mutant receptor 
activated pos. regulated genes to an extent comparable to wild-type (WT), 
neg. transcriptional regulation of human TSH. alpha, and TRH promoters was 
impaired in either TR.beta. 1 or TR.beta. 2 contexts, and WT receptor 
function was dominantly inhibited. T3-dependent changes in basal 
transcription with R383H were also impaired: on the TRH promoter, basal 
activation by unliganded R393H was not reversed by T3 to the same extent 
as WT; similarly transcriptional silencing by an unliganded Gal4-R393H 
fusion was not relieved at a T3 concn. that derepressed WT. In keeping 
with this, ligand-dependent corepressor release by R383H, either in a 
protein-protein interaction assay or as a DNA-bound heterodimer with 
retinoid X receptor on either pos. or neg. thyroid hormone response 
elements, was disproportionately impaired relative to its ligand-binding 
affinity, whereas its T3-dependent recruitment of "'coactivator*** 
was unimpaired. These properties were shared by another previously 
described RTH mutant (R429Q), and in the crystal structure of TR. alpha, 
the homologous residues interact in a polar invagination. The authors' 
data indicate a role for these residues in mediating neg. transcriptional 
regulation and facilitating corepressor release and suggest that 
predominant impairment of these functions may be the minimal requirements 
for causation of RTH. 

AU Clifton-Bligh, R. J.; De Zegher, F . ; Wagner, R. L.; Collingwood, T. N.; 
Francois, I.; Van Helvoirt, M. ; '"Fletterick, R. J.*** ; Chatterjee, 
V. K. K. 

AB pos. or neg. thyroid hormone response elements, was 



disproportionately impaired relative to its ligand-binding affinity, 

whereas its T3-dependent recruitment of * "coactivator* * * was 

unimpaired. These properties were shared by another previously described 

RTH mutant (R429QJ , and in the crystal structure of TR. alpha.. 
IT Missense mutation 

(R383H; thyroid ***hormone** * '"receptor"* -beta, mutation 

(R383H) in human resistance to * ••thyroid*** hormone syndrome 
predominantly impairs corepressor release and neg. transcriptional 
regulation) 
IT Promoter (genetic element) 

RL: ADV (Adverse effect, including toxicity); BPR {Biological process); 

BIOL (Biological study); PROC (Process) 

(TSH. alpha, and TRH; thyroid * * 'horntone* * * *** receptor* * * 

.beta, mutation (R383H) in human resistance to '"thyroid*" 
hormone syndrome predominantly impairs corepressor release and neg. 
transcriptional regulation) 
IT Thyroid * "hormones* * * 

RL: ADV (Adverse effect, including toxicity); BAC {Biological activity or 

effector, except adverse) ; BIOL (Biological study) 

{metabolic disorders, resistance syndrome; thyroid ** 'hormone* ** 
•••receptor*** .beta, mutation (R3B3H) in human resistance to 
***thyroid** * hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 
IT Transcriptional activation 

Transcriptional repression 

{thyroid * * * hormone* * * ** 'receptor* * * .beta . mutation (R383H) 

in human resistance to *•* thyroid*** hormone syndrome predominantly 
impairs corepressor release and neg, transcriptional regulation) 
IT Thyroid ** *horraone* ** * * 'receptor*" .beta. 

RL: ADV (Adverse effect, including toxicity) ; BOC (Biological occurrence) : 

BPR (Biological process) ; PRP (Properties) ; BIOL (Biological study) ; OCCU 

(Occurrence) ; PROC (Process) 

( • • 'thyroid" • '"hormone*** *** receptor*** .beta, mutation 

(R383H) in human resistance to ***thyroid* * * hormone syndrome 
predominantly impairs corepressor release and neg. transcriptional 
regulation) 
IT Retinoid X receptors 

RL: BPR (Biological process); BIOL (Biological study); PROC {Process) 
(thyroid '"hormone"* *** receptor* * * .beta, mutation (R383H) 

in human resistance to "'thyroid*" hormone syndrome predominantly 
impairs corepressor release and neg. transcriptional regulation) 
IT Endocrine diseases 

RL: ADV (Adverse effect, including toxicity); BAC {Biological activity or 

effector, except adverse); BIOL (Biological study) 

(thyroid * * * hormone* * * resistance syndrome; thyroid * ** hormone* * * 
•"receptor*" .beta, mutation (R383H) in human resistance to 
"•thyroid"* hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 
IT 24305-27-9, Thyrotropin- re leas ing ** * hormone** * 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 

(gene promoter; thyroid * * •hormone* • • "'receptor*** .beta, 

mutation (R383H) in human resistance to * * *thyroid*** hormone 
syndrome predominantly impairs corepressor release and neg. 
transcriptional regulation) 
IT 6893-02-3, Triiodothyronine 

RL: ADV (Adverse effect, including toxicity); BAC {Biological activity or 

effector, except adverse); BIOL (Biological study) 

{thyroid "*hormone*" "'receptor*" .beta, mutation (R383H) 

in human resistance to '"thyroid"* hormone syndrome predominantly 
impairs corepressor release and neg. transcriptional regulation) 
IT 9002-71-5, Thyrotropin 



RL: BSU (Biological study, unclassified); BIOL {Biological study) 
[. alpha . -subunit gene promoter; thyroid * "hormone*** 
•"receptor*" .beta, mutation (R383H) in human resistance to 
"'thyroid*** hormone syndrome predominantly impairs corepressor 
release and neg. transcriptional regulation) 
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L5 ANSWER 1 OF 7 CAPLUS COPYRIGHT 2000 ACS 

TI NMR studies of protein-ligand and protein-protein interactions involving 

proteins of therapeutic interest 
AU Feeney, J. 

SO NATO AS I Ser., Ser. C (1999), 526(NMR in Supramolecular Chemistry), 
281-300 

CODEN: NSCSDW; ISSN: 0258-2 02 3 
AB A review with 65 refs. Currently there is great interest in trying to 

understand the mol . recognition processes involved in protein-ligand and 
protein-protein interactions. Such interactions are of crucial importance 
in many areas of biol. including enzyme catalysis and regulation, the 
control of gene expression and in drug- '"receptor"* interactions. 
In all cases the specificity of binding is .central to the biol. function. 
Much of our recent work has been aimed at trying to understand the mol. 
basis for binding specificity in drug- *" receptor* " complexes where 



the findings can haUB practical significance by providing the basis for 
rational •* 'structure* * * -based "'drug'" "'design*" . The 

NMR method is well-suited to studies of such systems in aoln. and we have 
been applying NMR and other spectroscopic techniques, together with mol. 
modeling and biochem. approaches, to characterize the structures and 
ligand interactions in several complexes. Our specific aims are first, to 
det. the soln. structures of specific proteins and their complexes and to 
detect and characterize any mixta, of conformations and, second, to 
investigate the specificity of binding by identifying and characterizing 
individual interactions between the ligand and protein and measuring the 
rates of dynamic processes within the complexes. Some of the complexes 
studied are sufficiently small (less than 35 kDa) to allow detailed 
structural work to be carried out in soln. For example, we have detd. the 
structures of several complexes of Lactobacillus easel dihydrofolate 
reductase 1162 residues) with antifolate drugs and used NMR measurements 
to characterize specific interactions, conformational equil. and dynamic 
processes within the complexes. However, many other proteins of 
therapeutic interest form complexes that are too large for complete 
structural detn. by NMR. In such cases an alternative approach is to 
examine smaller domains of the proteins which have retained their 
structural and functional properties. In some cases, studies of complexes 
formed by functional domains of large proteins can also provide useful 
information and we have used this approach to examine interactions 
involving matrix metalloproteinases and their inhibitors (for example 
tissue inhibitors of metalloproteinases, TIMPs) . He have carried out 
structural detns. on a truncated form of one of these, A-TIMP-2, and 
defined its interaction surface in the complex formed with a 19 kDa 
catalytic domain from stromelysin. There are many other proteins for 
which "*receptora"* have not yet been isolated. In these cases 
structural information can be obtained for the known partner and used, in 
combination with data from mutagenesis and functional studies, to probe 
its binding sites for a putative *** receptor** * . Such approaches have 
been used in our structural studies of trefoil proteins such as PSP 
(pancreatic spasmolytic polypeptide) and pNR-2/pS2 (a breast cancer 
assocd. trefoil protein}. 

of crucial importance in many areas of biol. including enzyme 
catalysis and regulation, the control of gene expression and in drug- 

*• 'receptor*** interactions. In all cases the specificity of binding ii 
central to the biol. function. Much of our recent work has been aimed at 
trying to understand the mol. basis for binding specificity in drug- 

***receptor*** complexes where thfs findings can have practical 
significance by providing the basis for rational -"structure* * * -based 
***drug*** ***design*** . The NMR method is well-suited to studies 
of such systems in soln. and we have been applying NMR and other, 
surface in the complex formed with a 19 kDa catalytic domain from 
stromelysin. There are many other proteins for which ""receptors*" 
have not yet been isolated. In these cases structural information can be 
obtained for the known partner and used, in combination with data from 
mutagenesis and functional studies, to probe its binding sites for a 
putative ** *receptor*** Such approaches have been used in our 

structural studies of trefoil proteins such as PSP (pancreatic spasmolytic 
polypeptide) and pNR-2/pS2. 
Proteins, specific or class 
RL: PRP (Properties) 

(pS2, ""estrogen"* -induced; NMR studies of protein-ligand and 
protein-protein interactions involving proteins of therapeutic 
interest) 
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A structural view of ligand binding to the 
••'receptors*** 



DUPLICATE 1 
•retinoid*** 



AU Klaholz, Bruno P.; Moras, Dino 

SO Pure Appl. Chem. (1998), 70(1), 41-47 
CODEN: PACHAS; ISSN: 0033-4 545 

AB A review with 37 refs. Nuclear ""receptors*" play an important role 
in transcription regulation. They bind as homo- or heterodimers to the 
response elements of their target genes and interact with numerous and 
diverse partners, e.g. coactivator and corepressor proteins, and 
transcription factors. Many ot these processes are ligand-dependent, i.e. 
binding of natural Uganda activates the nuclear ***receptor*** 
through conformational changes of the protein. Synthetic ligands can be 
made specific for a particular * "receptor" * and have the potential 
for reducing the side-effects of natural ligands in pharmaceutical 
applications. The crystal structures of *• 'ligand*** - * **binding* ** 

** 'domains*** of the '"retinoid*** *** receptors*** have brought 

the first insight into the spatial organization and the nature of the 
ligand-induced changes at the at. level. Furthermore, these structures 
provide a starting point tor * * *structure* * * -based '"drug*" 
***design*** of *** retinoids* * * 

TI A structural view of ligand binding to the '"retinoid"* 
***receptors*** 

AB A review with 37 refs. Nuclear *** receptors* ** play an important role 
in transcription regulation. They bind as homo- or heterodimers to the 
response elements of their target. and corepressor proteins, and 

transcription factors. Many of these processes are ligand-dependent, i.e. 
binding of natural ligands activates the nuclear ***receptor*** 
through conformational changes of the protein. Synthetic ligands can be 
made specific for a particular ** *receptor* * * and have the potential 
for reducing the side-effects of natural ligands in pharmaceutical 
applications. The crystal structures of "'ligand*** - ***binding*** 

***domains*** of the * "retinoid*** '"receptors*** have brought 
the first insight into the spatial organization and the nature of the 
ligand-induced changes at the at, level. Furthermore, these structures 
provide a starting point for '"structure*" -based ***drug*" 
•••design*** of "'retinoids*** 
ST crystal structure '"ligand"* ***binding*" •••domain* " 

review; nucleus ** 'receptor* " *•* retinoid*** ligand binding 

review 
IT Crystal structure 

(of "*ligand*" - "'binding*** ** 'domains* * * ; structural 

view of ligand binding to *** retinoid** * '"receptors*" ) 

IT Cell nucleus v 
Molecular association 
Transcriptional regulation 

(structural view of ligand binding to *** retinoid*** 
"•receptors*" ) 
IT Ligands 

* "Retinoids* ** 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); BIOL (Biological study); PROC (Process) 

(structural view of ligand binding to "* retinoid** • 

•••receptors*'* ) 
IT ••'Retinoid*** •** receptors* •• 

RL: BPR (Biological process); PRP (Properties); BIOL (Biological study); 
PROC (Process) 

(structural view of ligand binding to "'retinoid*** 
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L5 ANSWER 3 OF 7 MEDLINE DUPLICATE 2 

TI Solution structures of the melanocyte- stimulating hormones by 

two-dimensional NMR spectroscopy and dynamical simulated-annealing 

calculations. 



AU Lee J H; Lim S K; Huh S H; Lee D; Lee w 

SO EUROPEAN JOURNAL OF BIOCHEMISTRY, (1998 Oct 1) 257 (1) 31-40. 

Journal code: EMZ. ISSN: 0014-2956. 
AB Melanocortins, which are involved in melanocyte pigmentation control and 

** 'glucocorticoid* ** stimulation, have functional roles in various 
physiological mechanisms and have been shown to participate in higher 
cortical functions. Recently, it has also been reported that 
melanocyte-stimulating hormone (MSH) and melanocortin 4 *** receptor*** 
(MC4R) are the key components of the hypothalamic response to obesity. The 
solution structures of both melanocyte-stimulating hormone alpha-MSK 
(Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2> and its 
analog alpha-MSH-ND (Ac-Ahx-Asp-His-DPhe-Arg-Trp-Lys-NH2) (Ahx, 
2-aminohexanoic acid) have been determined by two-dimensional NMR 
spectroscopy and simulated-annealing calculations. The NMR data revealed 
that alpha-MSH forms a hairpin loop conformation which includes conserved 
message sequences, whereas alpha-MSH-ND prefers a type I beta-turn 
comprising residues of Asp2-His3-DPhe4-ArgS . Final simulated-annealing 
structures of both alpha-MSH-ND and alpha-MSH peptides converged with rmsd 
of 0.07 run for alpha-MSH-ND and 0.1 nm for alpha-MSH between backbone 
atoms, respectively. This result will provide the structural bases of 
melanocortin functions as well as valuable information for 

• "structure** * -based *"drug*** ""design"* involving the 

regulation of obesity and feeding. 
AB Melanocortins, which are involved in melanocyte pigmentation control and 

*• •glucocorticoid* •• stimulation, have functional roles in various 
physiological mechanisms and have been shown to participate in higher 
cortical functions. Recently, it has also been reported that 
melanocyte-stimulating hormone (MSH) and melanocortin 4 "'receptor*** 
(MC4R) are the key components of the hypothalamic response to obesity. The 
solution structures of both melanocyte-stimulating hormone alpha-MSH 
(Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2> . . . 
between backbone atoms, respectively. This result will provide the 
structural bases of melanocortin functions as well as valuable information 
for '"structure** * -based *"drug*" *"design*" involving 

the regulation of obesity and feeding. 

L5 ANSWER 4 OF 7 BIOSIS COPYRIGHT 2000 BIOSIS 

TI Study on the structure-activity relationships of *"retinoids*** : II. 

3D-QSAR of ** 'retinoids*" and '••receptor*** interaction. 
AU Wang, M. M.; Huang, N . ; Yang, G. Z.; Guo, Z. R. 
SO Yaoxue Xuebao, (1997) Vol. 32, No. 1, pp. 43-48. 

ISSN: 0513-4870. 

AB Precise prediction of the binding constant of ligand to ** *receptor*" 
is an important aspect of ** •structure* •• -baaed •••drug*** 

•"design*** . Almost all methods including de novo design and 3D 
database search are over concentrated on structure generation rather than 
quantitative evaluation of the binding properties of the newly produced 
molecule. Using epididymal retinoic acid binding protein (ERABP) as a 
model, we simulated the interaction between "*retinoids* * * and their 

•* "receptor"* with DOCK program rtnd obtained an equation for predicting 
the binding constants. According to the docking con formers of the ligands, 
CoMFA was also used to deduce a pharmacophore model of this series of 
compound . 

TI Study on the structure-activity relationships of * "retinoids*" : II. 
3D-QSAR of '"retinoids*" and * * *receptor*** interaction. 

AB Precise prediction of the binding constant of ligand to *** receptor*** 
is an important aspect of * "structure*" -based '"drug*" 

"•design*" . Almost all methods including de novo design and 3D 
database search are over concentrated on structure generation rather than 
quantitative. . of the newly produced molecule. Using epididymal 

retinoic acid binding protein (ERABP) as a model, we simulated the 



interaction between *•■ retinoids"* and the^^^" • recepto 
DOCK program and obtained an equation for predicting the binding 
constants. According to the docking conformers of the ligands, . 
Miscellaneous Descriptors 

BIOCHEMISTRY AND BIOPHYSICS; DOCK COMPUTER PROGRAM; PHARMACOLOGY; 

RETINOIC ACID BINDING PROTEIN; * * 'RETINOID* * * - * * 'RECEPTOR* * • 

INTERACTIONS; * * * RET I NO I DS * * * ; 3-DIMENSIONAL QUANTITATIVE 

STRUCTURE-ACTIVITY RELATIONSHIPS; 3D-QSAR 

ANSWER 5 OF 7 CAPLUS COPYRIGHT 2O00 ACS 

Computer assisted drug design and biotechnology: a case study on lead 
optimization related to breast cancer therapy 
Nilsson, S.; Norinder, U. 

Bioact. Compd. Des. (1996), 109-118. Editor (s) : Ford, Martyn G. 
Publisher: Bios Scientific Publishers, Oxford, UK. 
COD EN : 63SXAI 

A review with 24 refs. Nuclear steroid/ "'thyroid"* hormone 

•••receptors*** are key factors in the endocrine signalling pathways and 
they are assocd. with major clin. indications which highlights these 
effectors as important targets for drug design and drug development. 
Recent advances in our mechanistic understanding how these intracellular 

*•* receptors* •• function has led to an increased interest in discovery 
and development of novel synthetic hormonal drugs which can modulate their 
function and activity. The development and use of in vitro cellular based 
test systems for screening and anal, of natural and synthetic hormonal 
compds. for their agonistic and/or antagonistic activity in combination 
with computer assisted diug design we believe will facilitate the 
development of improved therapeutic agents. 

A review with 24 refs. Nuclear steroid/ ** 'thyroid** * hormone 

•••receptors* ** are key factors in the endocrine signalling pathways and 

they are assocd. with major clin. indications which highlights these 

effectors as important targets for drug design and drug development. 

Recent advances in our mechanistic understanding how these intracellular 
•••receptors*** function has led to an increased interest in discovery 

and development of novel synthetic hormonal drugs which can modulate 

their. 

Biotechnology 
Breast tumor inhibitors 
Computer application 
Drug design 

•••Structure*** -activity relationship 
(computer assisted '"drug*" •••design*** and biotechnol . : 

lead optimization related to breast cancer therapy) 
Hormone '"receptors*** 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 
(computer assisted drug design and biotechnol. : lead optimization 
related to breast cancer therapy) 
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NMR studies of '"retinoid*** -protein interactions: The conformation 
of I 13C21 -.beta . -ionone bound to .beta.-lactoglobulin B. 
Sundaram, A. K.; Curley, R. W. Jr.; Fowble, J. W. ; Abildgaard, F.; 
Westler, W. M. ; Markley, J. L. 

Book of Abstracts, 210th ACS National Meeting, Chicago, IL, August 20-24 
(1995), Issue Pt . 2, MEDI-225 Publisher: American Chemical Society, 
Washington, D. C. 
CODEN: 61XGAC 

NMR Spectroscopy has been used for studying the conformations of 
•••receptor* -bound ligands and has become a useful tool for 
"•structure* * * -based '"drug*" '"design*" - Retinoic acid 

and its analogs are being studied as cancer chemopreventive agents. It 



Lh^^^^n^ * 



has been found that the actions of *** retinoids" * are mediated 
through assocn. with a no. of transport and ""receptor*" proteins. 
In recent years, it has been shown that the milk protein 
.beta.-lactoglobulin B binds *"retinoids*" with reasonably high 
affinity, resembles other '"retinoid*" binding proteins, and may 
serve as a good model for NMR studies of •••retinoid*" -protein 
interaction. We have prepd. a 13C-labeled retinol analog, .beta . -ionone 
(1) and used it as the ligand in isotope-edited NMR studies to identify 
its .beta.-lactoglobulin B-bound conformation. The result of our studies 
emphasizing the HMQCNOE expt. suggest that 1 binds as a 6-a-cis con former. 
The synthesis of labeled 1, the exptl. details of the isotope-edited NMR 
studies, and implications for drug design will be presented. 
NMR studies of ** 'retinoid** * -protein interactions: The conformation 
of t 13C2 ) -. beta. -ionone bound to .beta.-lactoglobulin B. 
NMR Spectroscopy has been used for studying the conformations of 
"•receptor"* -bound ligands and has become a useful tool for 
** 'structure* " -based •••drug*** •••design"* . Retinoic acid 

and its analogs are being studied as cancer chemopreventive agents. It 
has been found that the actions of **• retinoids*** are mediated 
through assocn. with a no. of transport and •••receptor* •• proteins. 
In recent years, it has been shown that the milk protein 
.beta.-lactoglobulin B binds '"retinoids'" with reasonably high 
affinity, resembles other "'retinoid'** binding proteins, and may 
serve as a good model for NMR studies of '"retinoid"* -protein 
interaction, we have prepd. a 13C-labeled retinol analog, . beta . -ionone 
(1) and used it as the ligand in isotope-edited NMR studies. 
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STEROID ** 'RECEPTOR"* • * 'STRUCTURE* * * AND ANT I HORMONE 

•"DRUG"* *"DESIGN*" . 

AGARWAL M K 

Biochem. Pharmacol., (1992) 43 (11), 2299-2306. 
CODEN: BCPCA6. ISSN: 0006-2952. 

STEROID '"RECEPTOR*** * * 'STRUCTURE* * * AND ANT I HORMONE 

•••DRUG*** *"DBSIGN*** 
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TI A structural view of ligand binding to the "'retinoid*** 

•••receptors*** 
AU Klaholz, Bruno p.; Moras, Dino 
SO Pure Appl. Chem. (1998), 70(1), 41-47 

CODEN: PACHAS; ISSN: 0033-4545 
TI A structural view of ligand binding to the "'retinoid*** 

*** receptors* ** 

AB ... the potential for reducing the side-effects of natural ligands in 
pharmaceutical applications. The crystal structures of ligand-binding 
domains of the "'retinoid*** "'receptors*** have brought thft 

first insight into the spatial organization and the nature of the 
ligand- induced changes at the at. level. Furthermore, these structures 
provide a starting point for "'structure*** -based *'*drug"* 
•••design*** of retinoids. 
IT Crystal structure 

(of ligand-binding domains; structural view of ligand binding to 
"•retinoid* ** " 'receptors*** ) 

IT Cell nucleus 

Molecular association 
Transcriptional regulation 

(structural view of ligand binding to *** retinoid*** 
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IT Ligands 

•"Retinoids" * 

RL: BAC (Biological activity or effector, except adverse) ; BPR (Biological 
process); BIOL (Biological study); PROC (Process) 
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TI Study on the structure-activity relationships of "'retinoids*** : II. 

3D-QSAR of '"retinoids*** and ** *receptor* * * interaction. 
AU Wang, M. M . ; Huang, N.; Yang, G . Z.; Guo, 2. R . 
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TI Study on the structure-activity relationships of "'retinoids*** : II. 

3D-QSAR of ***retinoids" * and ** *receptor* * * interaction. 
AB precise prediction of the binding constant of ligand to receptor is an 
important aspect of **• structure*** -based "-drug*** 

••♦design*** . Almost all methods including de novo design and 3D 
database search are over concentrated on structure generation rather than 
quantitative. of the newly produced molecule. Using epididymal 

retinoic acid binding protein (ERABP) as a model, we simulated the 
interaction between '"retinoids"* and their '"receptor"* with 
DOCK program and obtained an equation for predicting the binding 
constants. According to the docking conformers of the ligands, . 
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AB A review with 24 refs. Nuclear steroid/ ***thyroid*" hormone 

*** receptors*** are key factors in the endocrine signalling pathways and 
they are assocd. with major clin. indications which highlights these 
effectors. 
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CODEN: PACHAS; ISSN: 0033-4545 

A review with 37 refs. "'Nuclear"* •"•receptors*** play an 

important role in transcription regulation.' They bind as homo- or 
heterodiraera to the response elements of their target genes and interact 
with numerous and diverse partners, e.g. coactivator and corepressor 
proteins, and transcription lectors. Many of these processes are 
ligand-dependent, i.e. binding of natural ligands activates the 

•••nuclear*** ••• receptor* * * through conformational changes of the 

protein. Synthetic ligands can be made specific for a particular receptor 
and have the potential for reducing the side-effects of natural ligands in 
pharmaceutical applications. The crystal structures of ligand-binding 
domains of the **• retinoid* • • •••receptors*** have brought the 

first insight into the spatial organization and the nature of the 
ligand-induced changes at the at. level. Furthermore, these structures 
provide a starting point for ** 'structure* * * -based •••drug*** 

•••design*** of retinoids. 
A structural view of ligand binding to the * • "retinoid*** 

•••receptors*** 

A review with 37 refs. ***Nuclear*** **»receptora*** play an 

important role in transcription regulation. They bind as homo- or 
heterodimera to the response elements of their target. . . coactivator 
and corepressor proteins, and transcription f actors . Many of these 
processes are ligand-dependent, i.e. binding of natural ligands activates 
the '"nuclear"* * * * rec-iptor" * through conformational changes of 

the protein. Synthetic ligands can be made specific for a particular 
receptor and have the potential for reducing the side-effects of natural 
ligands in pharmaceutical applications. The crystal structures of 
ligand-binding domains of the ** *retinoid* * * * * *receptors**.* have 

brought the first insight into the spatial organization and the nature of 
the ligand-induced changes at the at. level. Furthermore, these 
structures provide a starting point for ** 'structure*** -based 

•••drug*** ***design*** of retinoids. 
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(of ligand-binding domains; structural view of ligand binding to 
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(structural view of ligand binding to *•* retinoid** * 

•••receptors*** ) 
Ligands 
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A structural view of ligand binding to the retinoid *** receptors** * 
A review with 37 refs. ""Nuclear*** '"receptors*** play an 

important role in transcription regulation. They bind as homo- or 
heterodimers to the response elements of their target. . coactivator 
and corepressor proteins, and transcription factors. Many of these 
processes are ligand-dependent, i.e. binding of natural ligands activates 
the ***nuclear*** *• "receptor*** through conformational changes of 

the protein. Synthetic ligands can be made specific for a particular 

***receptor*** and have the potential for reducing the aide-effects of 
natural ligands in pharmaceutical applications. The crystal structures of 

•••ligand*** - * "binding*** ***domains** * of the retinoid 

•••receptors*** have brought the first insight into the spatial 
organization and the nature of the ligand-induced changes at the at. 
level. Furthermore, these structures provide a starting point for 

•••structure*** -based "'drug"* ***design*** of retinoids, 

crystal structure ***ligand*** * "binding*** '"domain*" 

review; nucleus '"receptor*" retinoid ligand binding review 
Crystal structure 
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IT Ligands 

Retinoids 
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process); BIOL (Biological study); PROC (Process) 
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TI Steroid '"receptor*" ** 'structure* ** and antihormone 
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AB This article will review the structure/function basis of " *receptor" • 
-mediated steroid hormone action as a prelude to the development o£ 
specific derivatives endowed with antagonist activity. The action of 
leading. 
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TI Steroid ***receptor*" " 'structure* " and antihormone 

"•drug"* '"design*** 
AU Agarwal, M.K. 

SO BIOCHEM. PHARMACOL . , (1992) vol. 43, no. 11, pp. 2299-2306. 

AB This article will review the structure/ function basis of '"receptor*** 
-mediated steroid hormone action as a prelude to the development of 
specific derivatives endowed with antagonist activity. The action of 
leading antihormone classes will be presented both with biological and 
clinical implications in an eftort to stimulate debate on a future course 
of action. 



